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Abstract— Concrete is widely used construction material in developing nations. This wide usage of concrete at different places has 
become possible with several research and development in it, which is still in progress for its advancement. The advancement is 
towards the durable concrete which has a special property to withstand at an aggressive environment. In reinforced concrete, 
corrosion in reinforcement is being a major factor to affect the durability of the concrete structure. This corrosion in reinforcement 
takes place by the penetration of chloride ion through the pores of the concrete reaching reinforcement. It is often necessary to assess 
the impermeability of concrete to chloride ion as a quality control measure and improvement of properties of concrete. This research 
paper reports Rapid Chloride Resistance of High Performance Concrete with Metakaolin and Rice husk ash. 
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I. INTRODUCTION 

The durability of reinforced concrete structures are mostly affected by corrosion of steel in 
reinforcement. To overcome this issue, the durability aspect of concrete used in a structure must be notably 
improved. On concentrating on reinforced concrete tunnels and bridges, one of the major forms of 
environmental attack is spotted as chloride ingression, leading to corrosion of reinforcing steel, which in 
turn reduce the strength, severability and aesthetic appearance of the structure. This environmental effect 
may lead to early repair or premature replacement of structure. Most effective and efficient method to 
prevent such deterioration is to prevent chloride from penetration in to the structure to the level of 
reinforced steel bar. By providing relatively impermeable concrete, the capacity of chloride ion that can 
penetrate within the microstructure of concrete should be designed as required for ensuring the quality of 
control level. To be clear, the penetration of chloride ion through pores of concrete is a long time process, 
which cannot be directly found at initial stage of structure. Therefore, to assess the chloride penetration, 
test methods that accelerate the process in concrete is required Chandramouli et al. (2010) 

II. OBJECTIVES OF THE STUDY 

 
The objectives of the present investigation is to study the chloride ion penetration resistance of M60 

grade of concrete with varying percentage of replacement of cement by MK and RHA(0%MK + 0%RHA, 
5%MK + 10%RHA, 7.5%MK + 10%RHA, 10%MK + 10% RHA, 5%MK + 12.5%RHA, 7.5%MK + 
12.5%RHA, 10%MK + 12.5%RHA,5%MK + 15%RHA, 7.5%MK + 15%RHA and 10%MK + 15%RHA) 
at 28 days curing. This paper presents data on the physical and chemical properties of MK and RHA 

 
III MATERIALS AND METHODS 

 
3.1 Materials 
3.1.1 Cement 

Ordinary Portland cement of 53 grades conforming to IS: 12269-1987 is used in the investigation. 
The cement is tested as per IS: 4031-1988. The specific gravity is 3.11 and fineness is 325m2/kg. 

 
3.1.2 Coarse aggregate 
 Crushed blue granite stone aggregates of 10mm (40%) and 12.5mm (60%) size coarse aggregate 

are utilized in the present work. It is tested as per IS: 2386-1963. The specific gravity is 2.98 and fineness 
modulus is 5.5. 
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3.1.3 Fine aggregate 
 
 Locally available river sand is utilized as fine aggregate. The specific gravity is 2.6 and fineness 

modulus value is 3.78. 
 
3.1.4 Metakaolin 
 
 Commercially available metakaolin is used with a specific gravity of 2.6 and specific surface area 

of 13000m2/kg. 
 
3.1.5 Rice husk ash 
 
 Commercially available rice husk ash is used with a specific gravity of 2.2 and specific surface area 

of 11250m2/kg. 
 
3.1.6 Water 
 
 Portable drinking water is used with a PH value of 7 to 8.5 for preparing concrete. 
 
3.1.7 Chemical admixture 
 
 In the present work a super plasticizer called SP 430 is utilized to get required workability at low 

water binder ratio. 
 

IV RAPID CHLORIDE PERMEABILITY TEST 
 

 The rapid chloride permeability test is performed according to ASTM C1202. In this experiment, 
50mmthick, and 100mm diameter concrete specimen is placed in between two reservoirs. The first 
reservoir with a 3.0% NaCl solution and the other reservoir with a 0.3M NaOH solution and is subjected to 
a 60V applied DC voltage for 6 hours. The total charge passed is observed and is utilized to determine the 
chloride penetration rate of the concrete. The test set up and the sample for the test is appeared in fig.1 and 
fig.2. The total charge passed is a measure of the electrical conductance of the concrete computed using the 
equation. 

 
 Q = 900 x (l0 + 2l30 + 2l60  
                   +........................+2l300 + 2l330 + l360 

 
 Where 
 
 Q = Charge passed in coulombs 
 L0= Current immediately after voltage is  
                Applied 
 Lt = Current at minutes after voltage is  
                Applied 
 
 As per ASTM C 1202, the classification of chloride ion penetrability based on charge passed is 

given in table 1. 
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     Table 1 Classification of Chloride ion permeability 
 

Charge passed 
(coulombs) 

Chloride ion 
permeability 

More than 4000 High 
2000-4000 Moderate 
1000-2000 Low 
100-1000 Very low 
Up to 100 Negligible 

 
 

 
 
 
 
 
 
 
                               
            
 
 
           
 
 
 
                                                    Figure 1 Rapid chloride penetration test  
                                                                   Specimen 
 
 
 

 
 
 
 
 
 
 
 
 

                                                    Figure 2 Rapid chloride penetration test set up 
 

V RESULT AND DISCUSSION 
 

 The result of the rapid chloride permeability test of different concrete mixes at the age of 28 days 
are shown in table 2, from the results HPC mixes, it is observed that the minimum value of charge passed 
is obtained for the mix M9 with MK and RHA at 10 + 15 percent of cement replacement level. Further it is 
noticed that the value of chloride permeability of HPC mixes with MK and RHA is lesser when compared 
with that of HPC mixes without MK and RHA. Hence the outcome of rapid chloride permeability test has 
concluded the superior durability characteristics of the HPC mixes with MK and RHA as a cement 
replacement material. The influences of MK and RHA on chloride penetration of mixes at 28 days curing 
are shown in figure 3. 
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                                      Table 2 Rapid chloride penetration results at 28 days 
 

Mix MK 
(%) 

RHA 
(%) 

Charge passed Remarks 

Mc 0 0 937 Very low 
M1 5 10 722 Very low 
M2 7.5 10 632 Very low 
M3 10 10 595 Very low 
M4 5 12.5 487 Very low 
M5 7.5 12.5 438 Very low 
M6 10 12.5 426 Very low 
M7 5 15 385 Very low 
M8 7.5 15 308 Very low 
M9 10 15 272 Very low 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

                                                  Figure 3 Influence of MK and RHA on chloride  
                                                                Penetration of mixes at 28 days 

 
 Replacement of cement by 10% RHA and 10% RHA and 10% SF has drastically reduced the 

chloride ion penetration at both the age. The values were less than 1000 coulombs Zhang et al. (1996). The 
reduction in the average pore diameter of cement paste caused by the incorporation of RHA in the mix will 
effectively reduce the pore size and diffusivity of chloride ion in concrete Nehdi et al. (2003) and salas et 
al. (2009). The long term deterioration of concrete and corrosion of reinforcing steel commonly occurs by 
entrance of the chloride ion in to the body of concrete structures. It is also well known that the rate of 
chloride ion diffusion into concrete is related to the permeability and pore size distribution, concrete made 
with blended cements generally have lower permeability and more discontinuous pore structure than plain 
Portland cement concrete. Therefore the diffusivity of chloride ions in blended cement concrete tends to be 
lower Cook (1989). The chloride ion penetrability values of the order of 273 to 670 coulombs of concrete 
mixes with 20 to 70 percent of replacement of cement by ground granulated blast furnace slag. Rajamane 
et al. (2003), hence, the result of rapid chloride penetration test has explained the high durability 
characteristics of mixes with MK and RHA as cement material. 
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VI CONCLUSION 
 

The concrete mixes with MK and RHA shows lower chloride ion permeability when compared with 
normal concrete mixes 
 
The concrete mixes with 7.5 + 12.5 percent replacement of cement by MK and RHA, fall under the 
category of negligible degree of chloride ion permeability as per ASTM C 1202. Thus higher the 
replacement of cement by MK and RHA, the higher the binding capacity and lower the chloride ion 
penetrability of diffusivity.  
 
It is explained that the utilization of MK and RHA in concrete mixes as supplementary cementitious 
Material upgrades the durability and non-corrosion characteristics of concrete which is especially effective 
in marine environments. 
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